Northern fur seals forego large amounts of rapid eye movement (REM) sleep when sleeping in water, but remain healthy and do not recover this loss once back on land, challenging current theories for the function of REM sleep.
Each night many of us retreat to the comfort of our bed and sleep for at least 7 hours, as recommended by sleep experts [1] . For others, social pressures, parental care, and work reduce sleep below this target, causing impairments in waking neurobehavioral performance (e.g., attention, memory, motivation, and emotion regulation) that compromise our ability to interact adaptively with the environment [2, 3] . Over the long-term, sleep loss can also adversely affect our health [1] . We are not unique in our need for sleep. Animals ranging from vertebrates to invertebrates sleep [4, 5] and exhibit reduced performance when deprived of this primitive need [6] . In addition, just as we sleep longer on the weekend to recover sleep lost during the work-week, other animals show a similar homeostatic response to sleep loss. However, in this issue of Current Biology, Lyamin and colleagues show that northern fur seals greatly suppress REM sleep for two weeks while sleeping in water [7] . Moreover, unlike rats experimentally deprived of REM sleep [8] , the seals remained healthy while afloat and did not recover the lost REM sleep once back on land. Mammals, birds, and, possibly, some reptiles exhibit two types of sleep, REM sleep and slow wave sleep (SWS), distinguished from one another and wakefulness primarily by changes in brain activity and muscle tone [4] . Whereas SWS (also known as non-REM sleep) is characterized by large, slow waves in the electroencephalogram, REM sleep is characterized by small, fast waves similar to wakefulness. In contrast to wakefulness, muscle tone is greatly reduced during REM sleep [9] . As a result, horses, giraffes, and elephants, which can stand during SWS, usually lie down for REM sleep [10] [11] [12] , rendering them vulnerable to predators. The fact that evolution has not dispensed with REM sleep in these animals indicates that it serves an important function. Due to its prevalence early in life, REM sleep is thought to play a role in brain development [4, 13, 14] . In adults, REM sleep processes spatial and emotional information [2,9,15].
However, other lines of evidence question whether REM sleep is essential. Notably, rather than impairing performance, antidepressant drugs that greatly suppress REM sleep in humans actually increase performance on certain motorskill memory tasks [16] . The suppression of REM sleep in fur seals also challenges functional theories for REM sleep.
Northern fur seals are semiaquatic mammals that spend ten months at sea, only landing to breed and raise young. Along with other members of the pinniped family Otariidae, they can switch between sleeping with both cerebral hemispheres simultaneously (bihemispheric slow wave sleep (BSWS) and REM sleep), as in all terrestrial mammals examined, and sleeping with one hemisphere at a time (unihemispheric slow wave sleep, USWS), as in cetaceans [17] . By sleeping with one half of their brain awake, fur seals can move the opposite flipper, and thereby keep their nostrils above the surface of the water (Figure 1) . By contrast, when they enter REM sleep, the loss of muscle tone causes the head to drop below the surface. Lyamin and colleagues now show that when compared to sleep on a platform, SWS was more often unihemispheric and REM sleep was nearly eliminated when seals (n = 4) were forced to sleep in water for 10-14 days. Based on their appearance, weight, and appetite, the seals did not appear adversely affected by these changes in sleep. Once allowed to sleep on the platform again, the amount of BSWS and the ratio of BSWS to USWS increased above baseline platform levels, likely reflecting a homeostatic response to the reduction in SWS that each hemisphere obtained while in the water. By contrast, only a small (non-significant) increase in REM sleep above baseline levels was observed. The absence of a homeostatic increase in REM sleep is in stark contrast to the massive recovery of lost REM sleep observed in classic sleep deprivation studies of rats [8] .
Based on these findings, Lyamin and colleagues speculate that the function of REM sleep is to warm the brain in preparation for wakefulness. During BSWS, they propose that reduced neuronal activity causes the brainstem to cool, rendering animals sluggish after awakening from this state. By contrast, increased neuronal activity during REM sleep, which typically follows SWS and precedes awakenings, is thought to warm the brainstem and thereby prepare animals for wakefulness. Furthermore, the authors suggest that during USWS, the brainstem activity controlling the flipper movements also prevents the brainstem from cooling. As a result, fur seals do not lose REM sleep, but instead have a reduced need for it when sleeping afloat due to the near absence of BSWS. In future studies, it will be important to determine whether the brainstem actually cools less during USWS than BSWS, as predicted by this novel hypothesis.
Awakening ready to respond effectively is most pertinent to predator evasion. Interestingly, African elephants in the wild sleep standing up almost every night, but only lie down every third or fourth night [12] , suggesting that they usually sleep without the proposed benefit of REM sleep. It is conceivable that elephants sleeping standing up do not need REM sleep if standing requires elevated brainstem activity. However, when horses are reluctant to lie down due to pain or perceived threats, they have brief episodes of REM sleep while standing, indicating that this posture does not obviate the need for REM sleep [10] . Moreover, the loss of muscle tone accompanying REM sleep results in injurious falls in horses. Consequently, it appears that horses, giraffes, and elephants need to lie down, at least occasionally, to engage in uninterrupted REM sleep and fulfill functions unrelated to warming the brain in preparation for wakefulness.
In addition to fur seals, some birds also forgo large amounts of sleep in response to challenging ecological circumstances. Polygynous pectoral sandpipers breed under the constant light of the Arctic summer. Males compete intensively for territories and the attention of choosy females during the three-week breeding season. Interestingly, the time spent sleeping varies between males, with some getting little more than an hour per day [18] . Surprisingly, the males that sleep the least actually have the highest breeding success, suggesting that reduced waking neurobehavioral performance is not an evolutionarily inescapable outcome of sleep loss. Another example of adaptive sleeplessness was recently described in a seabird -the great frigatebird. Whereas fur seals sleep afloat, frigatebirds avoid the sea surface altogether and sleep floating aloft [19] . Unlike albatrosses, which can rest on the sea, frigatebirds quickly become water-logged and unable to take off. Consequently, during week-long foraging trips these hydrophobic seabirds spend the entire time on the wing. Like the most sleepless male sandpipers, frigatebirds sleep less than one hour each night while in flight, whereas once back on land they sleep more than twelve hours per day. Similar to fur seals sleeping in water, in flight SWS is more often unihemispheric and REM sleep constitutes a smaller proportion of sleep. However, due to the absence of pre-flight recordings and limited post-flight recordings, it is unclear whether the higher amount of REM sleep once back on land reflects a homeostatic recovery or simply a return to pre-flight levels, as in fur seals. Importantly, during these prolonged red-eyed flights, frigatebirds do not appear impaired in their ability to pluck flying fish and squid from the air.
Collectively, these short sleeping animals challenge current theories for the functions of sleep. How do we reconcile these findings with evidence underscoring the important role sleep plays in maintaining adaptive waking performance in animals ranging from insects to us? One possibility is that when compared to the motivational state of an animal forced to stay awake by a researcher, animals motivated by realworld ecological demands may be better able to turn off or forestall the homeostatic pressure that enforces sleep [20] and reduces performance as sleep overtakes portions of the brain [2] . But, why then do we fall asleep while driving a car, even when we are fully aware of the dangers and are trying every trick in the book to stay awake? Does our inability to forestall sleep in this life-threatening situation reflect a fundamental difference between us and these other animals, or is driving a car so evolutionarily foreign that it fails to activate the neural pathways which instantiate adaptive sleeplessness? Perhaps a grizzly bear outside our tent would be a more evolutionarily meaningful and effective sleep suppressant. Ultimately, reconciling the evidence emphasizing the need for sleep with the emerging evidence for adaptive sleep loss is an exciting challenge that will likely lead to novel insight into the processes that impair waking performance during sleep loss, as well as the functions of sleep.
